Red blood cells under mechanical stress.
The effect of mechanical stress on erythrocytes suspended in various media was studied. The ability of the cells to increase their glucose consumption was found to be the major criterion allowing to divide the media into two groups. In plasma, serum or in Ringer's solution supplemented with albumin and glucose the energy consumption by mechanically stressed erythrocytes increased 20 to 50%; no morphological changes of the cells were observed either in suspension or on Giemsa smears. The cells behaved in the same way in Mg2(+)-free medium. The other group included protein-free medium (Ringer's solution supplemented with glucose) and Ca2(+)-free Ringer's solution supplemented with albumin and glucose; under these conditions erythrocytes were unable to raise their energy consumption in response to mechanical stress, and after some period structural impairment of the membrane could be observed on Giemsa smears. No differences in metabolism-associated nucleotide concentrations (ATP, ADP, NAD, NADP) were observed between the samples. Resealed red cell ghosts with high concentrations of intracellular components were prepared as a model of cells with damaged membrane. In these ghosts (with low ATP concentration) mechanical stress produced increased proportions of echinocytes, even in the "native" suspension. These results have confirmed the vital role of the energy-consuming contractile apparatus in the erythrocyte membrane, and supplied a clue to the role of Ca2+ in its activation and to the influence of extracellular proteins on the maintenance of in red cell shape.